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ABSTRACT 


Since November 1995, the U.S. Navy's Sound Surveillance 
System (SOSUS) and other hydrophone arrays were used to regularly 
sample the occurrence of whale sounds in four Regions bordering 
the continental margins across the North Pacific. The numbers of 
whales heard calling varied with season and location for each 
species, blue whales (Balaenoptera musculus ), fin whales 
(Balaenoptera physalus ), and humpback whales {Megaptera 
novaeangliae ). For blue whales, calling during the Fall season 
averaged 5 whales per event, Winter averaged 1.5 whales per event, 
Spring averaged 1 whale, and Summer averaged 1.5 whales. For fin 
whales, the numbers of whales heard ("F" calls from individuals) 
during Winter averaged 3 whales per event, Spring and Fall calling 
averaged 1.5 whales, and Summer averaged 1 whale. The "J" calling 
events, regardless of season, were judged to be from at least 
6 fin whales. Humpback singing typically was from 3 whales. 

These numbers demonstrated seasonal variations in calling whales 
for each Region. 
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INTRODUCTION 


The development of realistic assessments for the number of 
whales that are likely to be calling during a given period in 
the deep ocean requires long-term acoustic sampling, broad area 
coverage, and consistent methods of counting. The whale call 
monitoring program using hydrophone systems in deep water has 
fulfilled these requirements (Watkins et al. 2000a). 

Since November 1995, acoustic data from the U.S. Navy's 
Sound Surveillance System (SOSUS) and other arrays have been 
regularly sampled to assess the extent of whale calling in four 
Regions bordering the continental margins across the North 
Pacific (Watkins et al. 2000b). This monitoring program has 
continued systematically over the past five and a half years, 
providing long-term data on the occurrence of calling by whales. 
The deepwater hydrophone systems allow relatively long-range 
listening, permitting coverage of broad regions of the ocean. 
Recognition of the characteristic call patterns produced by the 
different species allowed calls of individual whales to be 
systematically identified and realistic assessments made of the 
numbers of whales heard calling. 

Previous descriptions of the occurrence of calling whales 
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across the North Pacific have included the following reports: 
the seasonal presence of calling blue, fin, and humpback whales 
were described for different North Pacific Regions from the 1996 
and 1997 monitoring program data (Watkins et al. 2000a), the 
monthly occurrence of calling by the different species on 
different hydrophone arrays and the location of individual 
calling whales were identified from the data through July 1999 
(Watkins et al. 2000b), the seasonal distribution of the 
different species was presented by Watkins et al. (2000c), and 

the variation in year to year calling by the different species 
were compared to environmental changes such as those from 
El Nino (Watkins et al. 2001). 

Although little is known from direct observation about the 
whale populations in the open sea, regular monitoring of their 
calls makes it possible to assess the occurrence of the portion 
of these populations that are producing sounds and to judge 
their attendant behaviors. The non-disturbing, passive 
listening systems provide year-round, all weather, day and night 
monitoring of these offshore whales. The calls of the different 
species are known from previous study and cataloging of their 
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acoustic behaviors (Watkins and Wartzok 1985, Watkins et al. 

1992). Therefore, we can estimate the likely numbers of whales 
of the various species that would be heard calling in different 
locations and seasons across the deep waters of the North 
Pacific. 

METHODS 

Whale calls in the North Pacific were monitored at the Naval 
Ocean Processing Facility on Whidbey Is., WA. Acoustic data 
from deep water hydrophone arrays of the SOSUS system and other 
hydrophone arrays have been sampled on a regular schedule to 
assess the occurrence of particular whale calls. Whale calls 
were identified by analysts experienced in recognition of the 
different whale call patterns. Tten bottom arrays were selected 
as providing representative data for four offshore Regions along 
the continental margins, labeled Northwest (NW), Northcentral 
(NC), Northeast (NE), and Southeast (SE). The Regions were 
divided at increments of 3 0° Longitude by 15° Latitude, see 
Figure 1. 

Within these Regions, north-south detail was provided by the 
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use of two or three arrays at different latitudes. Two arrays 
were used in each of the NW and NC Regions, and three arrays in 
each of the NE and SE Regions. Individual arrays within Regions 
were labeled from the north (SE1 north of SE2 in SE, etc.) . 

Beam-formed data from each hydrophone array were interpolated to 
give the equivalent of 40 line array beams for each array. This 
provided comparable information from all array systems, 
regardless of their composition. Array orientations were not 
considered for these analyses. Locations for many of the Navy 
hydrophone systems have remained protected, along with their 
characteristics and associated data processing. 

Typically, there was no overlap in the calls from local 
whales recorded by the different arrays within Regions. When 
competing noise was absent, calls from very distant whales 
sometimes could be noted, but these normally were not a 
component of the primary call occurrence data. Counts of 
calling whales were tabulated separately for each array. 

The spectrographic data from all arrays were examined 
systematically over the same period during two, usually 
consecutive, 16-hour days every week, centered on 1200 hours 
GMT. This period spanned both daylight and darkness in each 
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Region. The calls of one to five whales of the same species 
distinguished on the same beam, generally within a period of 
about four hours, were considered one call occurrence event. 

No new occurrences were logged for that beam during that day, 
unless it was obvious that another set of calls had begun from 
markedly different whales (distinct difference in level and 
acoustic pattern). Whale call sequences often continued over 
much of the day, and therefore, were recorded as one occurrence. 
If similar call sequences were present on the same array beam on 
the second day, they were recorded as another occurrence. One 
dominant beam displaying the calls was identified for each call 
occurrence. Changes over time in the distribution of calling 
individuals and local groups of whales across different array 
beams showed the extent of their movements, over days or weeks. 

COUNTS OF CALLING WHALES 

Judgements as to the numbers of whales heard calling in 
these data were based on the previous experience with these 
continuing observations of calling whales (5 1/2 years to date). 
Each array beam represented a different direction to the source 
of incoming sound. In addition, there often were several whales 
calling from different local areas, and from different distances 


in the same direction. 
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To provide a realistic count the number of whales heard from 
each direction, relatively large amounts of data and 
considerable familiarity with the spectral representations of 
the whale sounds as well as noise patterns have been needed. It 
was anticipated that such estimates would be refined with 
continuing analyses of the call data. The counts of calling 
whales enumerated here represented assessments of the numbers of 
whales heard, the numbers of overlapping call sequences from 
different relatively local whales audible from the same 
direction for each calling event. 

Call patterns for each whale species were consistently 
different, so that species distinctions could be made reliably 
(each with different repetition patterns, fundamental 
frequencies, harmonic sequences, 'and spectral ranges) . 
Overlapping calls from several whales of the same species were 
common because of the broad distribution of blue whales and the 
clumped groups of fin and humpback whales. The counts of 
calling whales were different for each species, and they varied 
with season and Region. 
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Review of the call data to date confirm the number of whales 
that could be identified when calls were noted. These counts of 
calling whales were compared and averaged over each month, and 
then related to the seasonal variations in each Region. Whale 
calling seasons were offset consistently from the calendar year 
by one month, matching the apparent annual cycle of call 
occurrence for each species — Spring (March - May), Summer 
(June - August), Fall (September - November), and Winter 
(December - February) (Watkins et al. 2000b). 

For the comparisons presented here, monthly counts of the 
numbers of calling whales for each of the ten arrays in the four 
Regions were summed for each season and compared, season by 
season. 

WHALES SPECIES MONITORED 

Three species of whales were monitored systematically: blue 
whale (Balaenoptera musculus) and fin whale (Balaenoptera 
ph.ysa.lus) calls, as well as songs from humpback whales 
(Megaptera novaeangliae ). Each species had different amounts 
of calling and variations in seasonal occurrences in each of the 
four Regions and local areas monitored by separate arrays. 
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BLUE WHALE call sequences identified in the acoustic data 


were their long series of repetitive, downswept tonal calls (cf. 
Cummings and Thompson 1971, Rivers 1997). These calls usually 
had fundamental frequencies below 19 Hz and had several 
harmonics. Calls were repeated variably at 3 to 10 min 
intervals, often continuing over several hours. Shorter calls 
and call series from this species were not consistently 
separable from noise, and so they were not a part of these 
analyses. 

Blue whale calls during their Fall peak calling season 
usually were from three to eight or more whales during each 
calling event, averaging five whales for each calling event, and 
often from too many whales to separate. During Winter, as blue 
whale calls waned, calling was from one to three whales. Then, 
in Spring, their lowest calling season, only one whale usually 
was evident for each calling event. During the Summer, as 
calling increased again, one to three whales were audible. 
Therefore, for seasonal comparisons of the numbers of calling 
whales, Fall calling events were multiplied by 5, Winter by 1.5, 
Spring by 1, and Summer by 1.5. 
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FIN WHALE call sequences identified in the acoustic data 


were the repetitive, downswept "20 Hz" pulse series (cf. Watkins 
1981, Watkins et al. 1987). These calls had most energy near 
20 Hz, with little harmonic energy. Calls were composed of pulses 
of about 1 sec each, repeated regularly at rates of a few 
seconds in characteristic temporal patterns over periods of a 
few hours to a day or more. Other call types and shorter call 
sequences from this species were not as easily separated from 
noise, and were not a part of these analyses. Fin whale calls 
identified here included those that could be reliably 
distinguished as coming from individuals (labeled "F") and 
overlapping concentrations of calls from too many whales in a 
local area to allow separation (labeled "J"). When present, 
this "J" call component swamped concurrent "F" calls by 
individual whales, unless F calls were relatively close to 
arrays. 

Individual fin whale calling (F calls) during the Winter 
season of peak calling usually was from one to five whales per 
event, averaging three fin whales calling at a time. During the 
intermediate Spring and Fall calling seasons, calls were from 
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one to three whales, and in the Summer period of lowest fin 
whale calling, only one whale was evident during most calling 
events. The "J" calls by fin whales, however, regardless of 
season, were judged to be from six to very many more fin whales. 
Combining the "F" and "J" calls likely provided the best 
assessment of the numbers of calling fin whales. Therefore, for 
seasonal comparisons of the numbers of calling fin whales, 

F calls and J calls were tabulated separately. For F calls, 
Winter calling events were multiplied by 3, Spring and Fall 
events by 1.5, and Summer by 1. The J calling events from fin 
whales, regardless of season, were multiplied by 6. The totals 
for the two call types were then added to provide the seasonal 
assessments of numbers of calling fin whales for each array. 

HUMPBACKWHALE song could be recognized reliably, although 
only the frequencies below a few hundred Hertz were typically 
received from more distant whales (cf. Payne and McVay 1971, 
Payne et al. 1983). Songs were heard usually from groups of 
humpbacks, estimated at three or more individuals singing during 
each event. Singing typically lasted for several hours, and 
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usually was related to migration, even when whales remained in 
the area. Humpback singing events were multiplied by 3. 

Individual calling whales of each of these species were 
likely to be associated with many more whales. Little is known 
of the number of calling individuals that normally associate in 
whale groups, or of the number of whales that accompany each 
calling whale of each species. Most such observations have been 
of inshore populations of these species which may have quite 
different patterns of activity compared to the offshore whales. 

SEASONAL NUMBERS OP CALLING WHALES 

The counts of calling blue, and fin whales, and singing 
humpback whales have been listed and plotted to provide seasonal 
comparisons for the different arrays in each Region. The counts 
of calling whales were tabulated for each of the three-month 
seasons for each array in the separate Regions: (1) the sum of 

the "actual" calling events for the three months, and (2) these 
seasonal counts multiplied by the average number of calling 
whales noted for each season. The "actual" call event count 
multiplied by the numbers of calling whales gave realistic 
numbers of calling whales of each species that occurred 
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seasonally in the different areas of each Region. See Tables 
1-10 for (1) the calling event counts for each array and (2) 
these event counts multiplied by the seasonal average number of 
calling whales per event. 

These seasonal numbers (event counts multiplied by seasonal 
averages) are plotted for each species -- blue whales in 
Figure 2, fin whale F calls in Figure 3, fin whale J calls in 
Figure 4, fin whale F+J calls in Figure 5, and humpback whale 
songs in Figure 6. Such counts of sampled calling provide the 
basis for useful assessments of the numbers of calling blue, fin, 
and humpback whales present in the different local areas of each 
of the four North Pacific Regions. 

DIFFERENCES IN SEASONAL CALLING 

Blue whales were heard most in the NW in the Fall season 
from whales scattered widely throughout the region. Calling was 
reduced, but not absent during Spring. The 1998 El Nino year 
had reduced calling in most areas during the peak Fall season 
(see Watkins et al. 2001). The NC Region was second in numbers 
of calling blue whales, and the arrays in the NE Region had the 
fewest calling whales (Figure 2). 
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Fin whale calling has had variations that appear related to 
population behavior, rather than to environmental changes. 

During the first years of the monitoring program, most fin 
whales calling during the peak Winter season were in the 
northern part of the NC Region. However, in 1999 there was a 
large increase in the numbers of calling fin whales in all 
Regions (Figures 3-5) . 

Humpback whale songs were noted most during the first years 
of monitoring in the SE Region, coincident with the December to 
May migration between Alaska and southern waters. Songs were 
also recorded in the NC Region, particularly in the Spring. The 
NW and NE Regions have had few singing Humpbacks. Then, again 
in 1999, there was a distinct change in the numbers of calling 
whales, with fewer whales calling in the SE and many more in the 
NC Region (Figure 6) -- note the scale change relative to 

the blue and fin whale figures). 
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SUMMARY 


The numbers of calling whales of each species were derived 
from (1) the number of call occurrence events recorded for 
40 beams of each of the 10 arrays, (2) the sum of these calling 
events occurring during each of the two 16-hour days sampled 
very week, (3) the sum of these daily totals for each month, 

(4) the product of these monthly totals multiplied by the average 
number of calling whales contributing to each call occurrence 
event during the month, and (5) the sum of these monthly numbers 
of calling whales totalled for three months of each season. 

These call data draw their utility from the consistent, 
long-term regularity and comprehensive coverage of the sampling 
protocol. There have been no supplements for remaining hours of 
the sampling day, no additions for days not sampled each week, 
no extensions to compensate for calls not recorded from distant 
whales, and no extrapolations to accommodate variations in array 
coverage (180-degree, typical 40-beam pattern assumed). 
Comparisons of these seasonal numbers of calling whales 
provided realistic measures of the annual changes in the 
distribution of the vocalizing components of these offshore 
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whales. The variations demonstrated the dynamic changes in the 
seasonal calling -- different for each of the three species and 
the four Regions. The predictability of call occurrence has 
become more realistic. The large amount of call data over more 
than five and a half years of call monitoring have made forecasts 
of call occurrence more useful. 
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CAPTIONS 


(In order of occurrence) 

FIGURE 1 

Map of North Pacific Regions. NW, NC, NE, and SE Regions 
were monitored for calling whales. 

TABLE 1-2 

Blue whale calling, actual call occurrence events and totals 
multiplied by average number of whales calling. 

FIGURE 2 

Seasonal comparison of numbers of calling blue whales for 
the different arrays in the four Regions for each year. 
TABLES 3-4 

Fin whale "F" calling, actual call occurrence events and 
totals multiplied by average number of whales calling. 

FIGURE 3 

Seasonal comparison of numbers of "F" calling fin whales for 
the different arrays in the four Regions for each year. 
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TABLES 5 


6 


Fin whale "J" calling, actual call occurrence events and 
totals multiplied by average number of whales calling. 

FIGURE 4 

Seasonal comparison of numbers of "J" calling fin whales for 
the different arrays in the four Regions for each year. 

TABLE 7 

Fin whale "F" plus "J" calling, sum of multiplied totals of 
both types of calls. 

FIGURE 5 

Seasonal comparison of numbers of combined "F" plus "J" 
calling fin whales for the different arrays in the four 
Regions for each year -- sum of multiplied totals. 

TABLES 8-9 

Humpback whale singing, actual song occurrence events and 
totals multiplied by average number of whales singing. 

FIGURE 6 

Seasonal comparison of numbers of singing humpback whales 
for the different arrays in the four Regions for each year. 
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Table 2 


Blue Whale Totals 
































Occurrence of Blue Whale Calls from 1996-2001 
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Occurrence of Fin Whale, F, Calls from 1996-2001 
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Table 5 


Fin Whale, J, Totals 




























Table 6 Fin Whale, J, Totals 






























































Occurrence of Fin Whale, F and J, Calls from 1996-2001 
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Table 9 Humpback Whale Totals 
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